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coiling of the lesion. The clinical condition on admission according to the Hunt and Hess grading scale (HH) was as follows: HH1=1, HH2=5, HH3=2, HH4=2, HH5=1. In two patients, an episode of acute excruciating headache was reported a week earlier. In all patients, four vessel cerebral digital subtraction angiography (DSA) showed a fusiform dissecting aneurysm of the V4 segment of the vertebral artery.
In nine patients, the dissecting pseudoaneurym was distal to the PICA origin extending to the vertebrobasilar junction in two cases and involving the PICA origin in another two patients. In three patients, the dissection involved the dominant vertebral artery that in one case continued directly into the basilar artery (vertebral artery basilarization) since the controlateral vertebral artery was markedly hypoplasic and ended in the ipsilateral pica. All patients had a CT scan demonstrating SAH prevalently located in the posterior cranial fossa associated with intraventricular extension (three cases) and acute ventricular dilatation (one case). In all cases, endovascular treatment was performed within 72 h after patient admission except for one patient who was treated two weeks later.
One patient was treated in two consecutive sessions. The endovascular procedure was performed under general anesthesia in all HH4
Summary
Dissection aneurysms of the vertebral artery represent 3.2% of all cerebral aneurysms and 28% of intracranial dissection aneurysms.
Dissection of the vertebral artery in its intracranial segment (V4) usually causes a subarachnoid hemorrhage (SAH) from subadventiatial extension of the vessel wall hematoma. Rarely (one case in seven), the symptomatology is characterized by brain stem ischemia from the vertebral artery and/or postero-inferior cerebellar artery occlusive dissection. The high rebleeding (18-33% with a 10+/-5 day interval between the first and the second bleeding) and mortality (>45%) rates 1, 13 of this disease prompt emergency treatment usually consisting in endovascular coiling of the dissection aneurysm and/or the dissected segment of the parent vessel.
Herein we report our experience in endovascular coiling of acutely ruptured dissecting aneurysms of the vertebral artery dissection in V4 segment. We focus the discussion on the risk of rebleeding and the ischemic complications that my occur after endovascular or surgical treatment
Materials and Methods
Eleven patients (six women, five men, age range: 56-77 yrs) with acutely ruptured dissection aneurysms of the V4 segment of the vertebral artery underwent emergency endovascular Rebleeding and Ischemia after Acute Endovascular Treatment of Ruptured Dissecting Subarachnoid Vertebral Artery Aneurysms S. MANGIAFICO, R. PADOLECCHIA*, M. CELLERINI, M. PUGLIOLI*, G.VILLA, M. NISTRI and HH5 patients and in 1 HH3 patient. In all patients with dissection of the dominant vertebral artery, a non-detachable balloon test occlusion was carried out before endovascular treatment. Tolerance to occlusion was evaluated while the patient underwent continuous neurologic monitoring, angiographic or electrophysiologic (BAEP "brainstem acoustic evoked potentials") monitoring and was considered successful if the patient's neurological status, angiographic or BAEP monitoring remained stable throughout the test.
Patients who tolerated temporary balloon test occlusion for 30 minutes, as defined above, were considered acceptable candidates for permanent vertebral artery endovascular occlusion. In all cases, the endovascular procedure was performed during systemic heparinization with an ACT of 250-300 s. Endovascular occlusion of the dissected vessel and aneurysm was obtained with Guglielmi Detachable Coils (GDC Boston Scientific) in ten cases and MDS coils (BaIt) in one. An immediate postprocedural CT examination was obtained in all cases. 
Results
In all cases, the endovascular approach allowed navigation of the dissected vessel and microcatheterization of the pseudoaneurysm and coil deployment. In nine cases, coiling of the fusiform dissecting aneurysm distally to the origin of the PICA resulted in complete exclusion of the lesion with vessel occlusion.
In the other two patients whose dissection involved the PICA origin, only a partial occlusion of the pseudoaneurysm was obtained maintaining the patency of the vertebral artery.
Complications related to the procedure occurred in three patients and consisted of an intraprocedural perforation, a postprocedural (three hours after procedure completion) hemorrhagic and a postprocedural (six to eight hours after procedure completion) ischemic stroke respectively. The latter complications were thought to be the consequences of the natural progression of the vascular dissection caused by hemodynamic changes following the endovascular occlusion of the dissecting fusiform vessel. Five patients died: two (with a HH4 and HH5 respectively) as a consequence of the subarachnoid bleeding, three because of the intraperiprocedural complications.
In six patients, clinical follow-up (mean 24 mo) showed a favorable outcome (GOS 1) with a stable, complete (four cases) and partial (two cases) occlusion of the dissecting aneurysm on DSA (mean follow-up:18 mo).
Discussion
The endovascular or surgical treatment of dissecting aneurysm of the vertebral artery in the intracranial tract aims at decreasing the rebleeding rate by reducing blood flow in the dissected tract. Therapeutic strategies are influenced by whether the dissection involves the dominant vertebral artery and/or the PICA origin 3 and mainly comprise two options: proximal occlusion of the parent vessel with flow inversion in the dissected tract or trapping/coiling of the whole dissected tract 4, 5, 14 . Although both therapeutic choices may be susceptible to hemorrhagic recurrence, this is more frequent in the case of proximal occlusion. If occlusion of the vertebral artery is performed proximally to the origin of the PICA, retrograde flow coming from the controlateral vertebral artery involves the dissected tract and is distri-buted to the vascular territory of the PICA.
In this case, the increase in intraluminal pressure in the dissected tract is not abrupt and the hemorrhagic recurrence, usually heralded by aneurysmal morphologic changes, occurs several days later 6 .
When occlusion of the vertebral artery is performed distally to the origin of the PICA, flow changes involve only the dissected tract and the sudden increase in endoluminal pressure may provoke an intraperiprocedural or early post-operative rebleeding.
The occlusion of the whole dissected tract (trapping or coiling) is possible on a non dominant vertebral artery and, by hindering arterial reflow in the dissecting aneurysm, lowers the incidence of early or late rebleeding improving the final outcome.
Hemorrhagic complications
In one case, the intraprocedural subarachnoid bleeding was sustained by inadvertent aneurysmal perforation by the microguide during the initial phase of catheterization.
In the other patient, rebleeding occurred three hours after uneventful procedural completion. In this case, the dissecting aneurysm was distal to the PICA origin on the dominant basilarized vertebral artery (figure 1a, 1b) .
Vertebral artery occlusion was well tolerated due to a retrograde basilar flow through the posterior communicating artery (figure 2).
In this case, we suggest that the increase in intraluminal pressure in the proximal tract of the occluded vertebral artery may have caused the progression of the dissection with vessel rupture at the level of PICA emergence. At this level, the vertebral artery showed a slight irregularity of the vessel profile consistent with proximal extension of the dissection or multifocal dissection. This hypothesis is sustained by surgical observations consistent with a scarce correlation between macroscopic and angiographic findings on the extension of the vessel wall lesion.
Pathological observations show intraplaque hemorrhages, subadventitial hematomas lacking continuity with both the vessel lumen and the dissecting hematoma 18 . Theses findings may be considered the result of multifocal damage to the vessel wall 9,15 .
Furthermore, several authors report acute morphological changes of the dissecting aneurysm following flow modifications secondary to surgical treatment complicated by postsurgical hemorrhage 14, 5, 12 .
Ischemic complications
Ischemic complications usually occur some days after occlusion of a dominant vertebral artery 10 and are related to an insufficient brainstem perfusion. In our experience, onset of ischemia occurred early after proximal occlusion of an extensive dissecting aneurysm involving the whole subarachnoid segment of a non dominant vertebral artery, in spite of a previous negative balloon test occlusion (figure 4, 5, 6.), systemic heparinization and valid collateral flow from the controlateral vertebral artery. We suggest that acute brainstem ischemia in our case may have been sustained by dissection progression with perforating arteries involvement richly supplying the brainstem 21 . When dissection involves the PI-CA origin, proximal occlusion (endovascular or surgical) of the vertebral artery represents a partial treatment and is contraindicated in the case of a dominant or unique vertebral artery. The first line therapy should be surgical occlusion of the vertebral artery with previous by-pass and subsequent pica reimplant. Such intervention is, however, technically challenging and rarely suc-cessfuI 17 • 19 • Endovascular stenting and coiling of the dissected artery may represent a viable alternative 16.1, 11, 13. However, a balloon expand able stent is released at a balloon inflation pressure of 6-8 atm. This is dangerous especially in the acute phase since the dissected vessel is extremely fragile and may cause progression of the dissec-
